Abstract: Neem (Azadirachta indica) kernel powder (NKP) mixed 1:1 (weight basis) with some inert diluents (fine-sand, kaolin-dust, and saw-dust) were applied into the whorls of sorghum seedlings . Cost-benefit analysis shows that it was financially most beneficial to use NKP + fine-sand to control S. calamistis on sorghum in Nigerian Sudan savanna.
INTRODUCTION
Several reports in the past three decades have shown that neem-based pesticide formulations were effective on agricultural insect pests. Some of these reports were by Jotwani and Srivastava (1984) , Dreyer ( , 1987 , Heinrich (1987) , Seshu-Reddy (1988) , Heiberd (1990) , Aldhous (1992) , Kairie and Saxena (1993) and Hellpa (2000) . Neem products used as pesticides are not known to be hazardous to non-target organisms (Ahmed and Grainge 1986; Anaso 1999; Ermel et al. 2002) .
Lepidopterous stalk borers are serious pests of cereal crops in sub-Saharan Africa. Among the several stalk borer species, pink stalk borer (Sesemia calamistis Homps) is the most important pest of sorghum in the Nigerian savannah (Ajayi 1998; Anaso and Thilza 2006) . Grain yield loss of about 40% was reported in Nigeria (Ajayi 1997) . It is possible that total crop loss may occur in farmers' fields where a piece of land is subjected to continuous cropping for several years.
Among the control measures recommended against cereal stalk borers, namely early sowing and other cultural practices, the use of resistant cultivars and application of pesticides, pesticidal treatment is the most popular treatment among Nigerian farmers. But in view of awareness of environmental and human hazard, rising cost of synthetic pesticides in the country and the desire of crop growers to use affordable and readily available alternatives, there is much interest on plant-based pesticides. Having determined the efficacy of crude neem extracts, the need for formulation becomes obvious. In this study, the use of inert diluents used in formulating neem kernel powder for the control of sorghum pink stalk borer is reported.
MATERIALS AND METHODS
Dry neem kernels (13% moisture content) were ground with wooden mortar and pestle and then pulverised with the Molinex brand blender (MX -795N) to obtain the neem kernel powder (NKP). The NKP as well as the inert diluents, namely fine-sand (from river bank), kaolin-dust and saw-dust (from a timber market) were sieved with the Suplex Standard Test Sieves (Grade 2 500 µ).
Each diluent was first mixed with NKP (1:1 weight basis) with the hand and then homogenised with the blender. For comparison, carbaryl (Sevin 85) was used as treated check. The treatments therefore were as follows: sole NKP; NKP + fine-sand; NKP + kaolin-dust; NKP + saw-dust; carbaryl and untreated check.
The trial was established at the University of Maiduguri research farm in 2002 rainy season and repeated at the same location in 2003. The plot size was 5 x 5 m and high-yielding sorghum cultivar recommended for the Sudan savanna (KSV 4 ) was sown on the flat at 75 x 40 cm intra-and inter-row spacing respectively. Randomized complete block design (RCBD) was used in allocating the treatment to the plots and replicated four times. Before sowing, the seeds were dressed with metalaxyl (Apron Star 42 WS) at the recommended dose of 2.5 g a.s./ha (Syngenta 1999) . This was meant to control pre-and post-emergence damping-off of seedlings and to prevent birds and ants from picking the seeds or destroying the seedlings.
At 20 days after sowing (DAS), the treatments were applied by introducing approximately 5 g of each pesticide formulation into the whorl of sorghum plants. This was repeated at 10 days intervals; four such applications were made before 50% booting of the plants. The plants were grown to maturity following the recommendations for sorghum production in the Sudan savanna of Nigeria (BOSADP 1993) .
The following data were collected from each plot: % of plant showing characteristic leaf puncturing by pink stalk borer at 30, 40, 50 DAS; % of plants showing dead heart at 35 and 45 DAS; % severity of scorching of leaf lamina (phytotoxicity) at 45 DAS; % of plants showing stalk borer holes; % of peduncles bored and number of holes per peduncle at harvest time. Phytotoxicity was assessed according to Anaso (1999) : 0 = no scorching; 1 = few scattered necrotic lesions; 2 = several small necrotic lesions; 3 = large necrotic lesions on lamina; 4 = severe scorching resulting in yellowing and early death of leaves. Severity of phytotoxicity was computed as follows: % severity = Σn x 100/N x 4 where: n = individual scores, N = number of scores taken, and 4 = the highest score on the scale.
At hard dough stage, the sorghum panicles were cut with harvesting knife and sun-dried for 10 days before threshing to obtain grains. All data obtained were analysed statistically and means separated using least significant difference (LSD) according to Zar (1999) . The cost-benefits of the treatments were computed using the means of 2002 and 2003 production costs and grain yields.
RESULTS AND DISCUSSION
Following whorl application of the pesticides, differences in percentages of plants with leaf puncturing were not significant at 30 DAS in both years, but were highly significant (p ≤ 0.01) at 40 and 50 DAS ( Table 1 ). The percentage of plants with leaf puncturing in check plots was significantly higher than in treated plants. Among treated plants, there was no difference between plants treated with carbaryl and those treated with neem-based formulations. A similar observation was made on percentage of plants with dead heart except that the differences observed in 2002 at 30 DAS were not significant. Table 2 shows the percentages of plants bored and number of exit holes at harvest; in these the values of untreated check were significantly higher than the values of treated plants and the differences among treated plants were not significant.
A significant reduction in percentage of plants with leaf puncturing, stalk boring, dead heart formation, number and percentage of peduncle bored ( Table 2 ) strongly suggests that NKP formulations were effective in reducing the symptoms of S. calamistis attack of sorghum. This effectiveness of neem-based formulations against pink stalk borer agrees with the results obtained from the use of unformulated products against several insect pests in India by Grainge et al. (1985) , Grainge and Ahmed (1988) , Lee et al. (1991), and Aldhous (1992) . In Nigeria Danka (2000) also reported drastic reduction of S. calamistis with sole NKP. The present study shows significant reduction of symptoms of attack of S. calamistis in plants treated with sole NKP, NKP mixed with diluents and carbaryl below the level of untreated check.
Table 2 also shows that percentage severity of phytotoxicity was significantly (p ≤ 0.01) higher on plants treated with sole NKP than other formulations. Phytotoxicity was not observed on plants treated with carbaryl, NKP + saw-dust and check. Although phytotoxic effects of NKP products were more severe at the site the pesticides were introduced, this undesirable effect should be borne in mind in future research work.
Due to highly significant reduction of symptoms of attack by S. calamistis with neem based formulations and carbaryl, there were highly significant grain yield increases above the untreated check (Table 3) . In Kenya, Seshu-Reddy (1988) and Maiki (1997) reported higher grain yield and lower stalk borers (Busseola fusca F. and S. calamistis) on maize following treatment with NKP. It would therefore seem that on the basis of grain yield. Table 3 shows that NKP + fine-sand had the highest percentage yield increase above check. Formulation of NKP into commercial pesticide in Nigeria is a new technology and potential investors would be interested in its cost and benefits. These values are almost always measured in monetary terms and this planning tool, which according to Upton (1997) , is most relevant to investment made for commercial gain. Table 4 shows the cost-benefit of protecting sorghum against S. calamistis with NKP mixed with three diluents. Based on the production cost of sorghum, mean grain yield for the two years 2002 and 2003, and the cost of the commodity at Maiduguri Metropolitan Grain Market, it was most beneficial to control S. calamistis with NKP + fine sand. With the monetary profit of N 103,262.00 per ha (N 125 = 1US $) by using NKP + fine-sand compared with profits of N 95,180.00, N 93, 085.00, N 92,345.00, N 80,200.00, and N 57, 955 .00 by using NKP + kaolin-dust, NKP + saw-dust, sole NKP, carbaryl and untreated check respectively, the advantage is obvious. The cost-benefit ratio which is the relationship between the production cost and monetary profit has also followed the same trend.
From this study some important conclusions may be drawn. Firstly, NKP diluted with inert materials or used sole was effective in reducing the symptoms and impact of S. calamistis on grain yield. In this regard NKP + fine-sand was most effective. Secondly, phytotoxicity of NKP on sorghum was highly reduced by using inert diluents or completely absent when saw-dust was used. This shortcoming may be further reduced if the ratio of fine-sand and kaolin-dust to NKP is increased. Thirdly, the results from cost-benefits analysis shows that it was clearly beneficial to dilute NKP with inert diluents and in this regard, the monetary profit of using NKP + fine-sand was too significant to ignore.
